Since from its clinical introduction to the present time, measurement of serum prostate specific antigen (PSA) level is one of the most widely used tests in urology practice. Initially, the upper limit for PSA was 4 ng/mL, but today, a reduction for the upper limit is recommended to 2.5-3 ng/mL for patients between 60 and 65 years of age and younger. On the use of PSA as a screening test for prostate cancer, there are differences of opinion. However, it is a recommended test in the evaluation and monitoring of the risky group for prostate cancer. In conclusion PSA test should be performed at appropriate intervals for appropriate people with an appropriate age, after informing the patient about the test in detail.
Prostate-specific antigen (PSA) is a glycoprotein secreted from prostatic acini, and it is firstly defined in the year 1979. [1] US Food and Drug Association (FDA) approved PSA as an auxillary diagnostic test in the management of the patients diagnosed as prostate cancer (PCa). [2] It was introduced into clinical practice in 1987 as a diagnostic marker. [3] Catalona 1991 recommended use of PSA as a screening test for PCa. [4] Later on, in the year 1994 FDA approved PSA as a diagnostic test for early detection of PCa.
From its introduction into clinical practice up to present, measurement of serum PSA levels is still one of the most frequently used tests among urological tests. However, as has been reported, tests have been performed without adequately informing patients about advantages, and disadvantages of PSA measurement. [2] [3] [4] Nowadays, guidelines of American Urological Association, American Cancer Society, and United States Preventive Services Task Force require mutual decision between the physician, and the patients about performing PSA test. [5] Upper limit of normal (ULN) for prostatespecific antigen was recommended as 4 ng/ mL when it was firstly introduced into clinical practice. This cut-off value was based on serum PSA measurements of 860 healthy men. All of these male population under 40 years of age had serum PSA levels below 4 ng/mL, while 97% of the men over 40 years of age had PSA values below 4 ng/mL. Based on these data, a cut-off value of 4 ng/mL has been deemed to be appropriate. [6] Serum PSA levels can increase because of impairment of normal prostatic anatomy secondary to prostatic diseases (benign prostatic hyperplasia, prostate cancer, and prostatitis), and prostatic trauma because of entry of excessive amounts of PSA into general circulation. [7, 8] Morphological structure of the benign prostatic tissue does not effect serum PSA levels. Benign prostatic hyperplasia (BPH) has stromal, glandular or mixed types. In every patient type of BPH differs. In other words, in some people stromal BPH is the predominant type, and in some, glandular hyperplasia is in the foreground. In some group of people, mixed hyperplasia with equal proportions of both components can be observed, However any correlation between this type of hyperplasia, and serum PSA level has not been detected. [9] Serum PSA level is very important for urologists. Indeed prostate cancer (PCa) is the most frequently type of cancer encountered in men in Europe, and the USA. [10] In the pre-PSA era for the diagnosis, staging, and follow-up of PCa, prostatic acid phosphatase (PAP), and digital rectal examination (DRE) were being used. These methods were generally used for the diagnosis of advanced stage PCa. While they could only detect 20-30% of the organ-confined disease, and most of the cases were overlooked. Introduction of PSA test into clinical practice has enabled early diagnosis of PCa, and provided important information about staging, and postoperative followup period.
a. Early diagnosis: After introduction of serum PSA measurements into clinical use, the incidence rate of early diagnosis has increased, and a shift between stages was achieved. Nowadays, 70-80% of the diagnosed cancers are organ-confined. [11, 12] b. Staging: Serum PSA level was also helpful in the staging of PCa. Serum PSA values between 0-4 ng/mL can detect 80% of the organ-confined disease, while PSA values between 4-10 ng/ mL, and above 10 ng/mL were found in 70, and 50% of the cases with organ-confined disease. Serum PSA levels also provide us helpful information about lymph node involvement. Lymph node involvement has been also reported in men with serum PSA levels of <10 ng/mL (5%), 10-20 ng/mL (18%), and >20 ng/mL (20%) in respective percentages. Therefore, if serum PSA level is below 25 ng/mL, there is no need to perform CT or MRI, and bone scanning is not required for men with serum PSA levels below 20 ng/mL. Besides, it has been demonstrated that in men with Gleason score ≤6, clinical stage T1/T2, and serum PSA levels below 10 ng/mL, lymph node dissection is not required. [8] c. Follow-up: Measurement of serum PSA levels is very important during post-treatment monitorization of PCa. A PSA value below 0.2 ng/mL following radical surgery is considered as a cure , while after curative radiotherapy a PSA value below 2 ng/mL is anticipated. Besides based on preoperative serum PSA levels, a biochemical recurrence can be seen within 10 years after surgery. Accordingly, recurrence rates of 10, 20, and 50% are anticipated in men with preoperative serum PSA levels of <2.6 ng/mL, 2.6-10 ng/mL, and above 10 ng/mL, respectively. Serum PSA levels are important in patients who had undergone androgen suppression therapy because of metastatic disease. If serum PSA level does not drop below 4 ng/mL 7 months after androgen suppression therapy, median life-expectancy of these patients is only one year. If serum PSA levels of these patients drop below 0.2 ng/mL, then median life-expectancy longer than 6 years can be predicted. If after radical prostatectomy or radiotherapy, serum PSA levels of the patients without radiological metastases rise above 0.2 ng/mL within the first 8 months of androgen suppression, prostate cancer mortality increases 20-fold. Still PSA doubling time shorter than 3 months is a very bad prognostic finding. [8] Rise in serum PSA levels after prostatectomy aids in differentiation between local, and systemic recurrences. If PSA doubling time increases after the first 2 postoperative years, and PSA doubling time is longer than 11 months, then local recurrence should be conceived with a 80% probability. However if PSA levels rise within the first postoperative year, and PSA doubling time is 4-6 months, then systemic disease should be thought of with a 80% probability. [13] Even though serum PSA levels provide quite helpful information about PCa, PSA not an ideal marker. An ideal marker should be disease-specific, lead to early diagnosis, and rule out clinically insignificant disease. Besides, it should be easily applicable, cost-effective, standard, and provide valuable information about staging, and posttreatment monitorization. We know that despite benefits of serum PSA measurements in diagnosis, staging, and follow-up, they have several limitations. Since PSA is not specific to prostatic disease, it can not absolutely discriminate between benign, and malignant prostatic diseases. Serum PSA level between 0-4 ng/mL has a 20% diagnostic sensitivity, and 60-70% specificity for PCa. Besides it fails to differentiate between clinically significant, and insignificant prostatic diseases. [8] Some modifications have been implemented to increase sensitivity, and specificity of serum PSA level. These include PSA density (PSAD, > or <0.15), PSA velocity, f/t PSA ratio (25%; sensitivity 95%), and decreased threshold value (2.5, and 3 ng/mL). Initially, for the total PSA value between 4-10 ng/mL, a cut-off value of ≥0.75 ng/mL has been accepted for PSA velocity. Nowadays, a cut-off value of ≥0.4 ng/mL for PSA velocity has been recommended in the presence of total PSA values of <4 ng/mL in patients younger than 60 years of age. At least 3 measurements should be made during 18 months for the determination of PSA velocity. [8, 14, 15] However, despite all modifications, a reliable serum PSA value is not available. Indeed PCa can be observed in every PSA level. As explicitly demonstrated in a study by Thompson, PCa can be detected in PSA levels of 0-0.5 ng/mL (6.6%), 0.6-1 ng/mL (10.1%), 1-2 ng/mL (17.2%), 1-3 ng/mL (23.9%), 3.1-4 ng/mL (26.9%), at respective incidence rates. [16] Therefore, it will be helpful to inform patients about PSA before PSA test.
Despite all of these problematic issues about serum PSA levels, PSA test is the most frequently used test, and we concern about PCa when we detect increased serum PSA levels. Indeed, it is not possible to identify the prostatic disease based on DRE findings, and increased serum PSA levels. In the presence of a serum PSA level above its cut-off value, histopathological examination of the prostate biopsy specimen should be absolutely performed in order to establish tissue diagnosis. Since we don't know completely biological behaviour , and natural course of the cancers diagnosed with the aid of prostate biopsy which is an invasive procedure with its certain septic, and traumatic complications, we are compelled to offer patients various treatment alternatives with several complications. Therefore, necessity of widespread use of PSA test is debatable. Four large-scale population based studies investigated this issue including The Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial, European Randomized Study of Screening Prostate Cancer (ERSPC), Norrkoping Prostate Cancer Screening Trial, and Göteborg Prostate Cancer Screening Trial. The PLCO trial demonstrated that within a 7-10 year-period prostate cancer screening had not any significant impact on prostate cancer related mortality. [17] In the screening group of the ERSPC trial, prostate cancer-related mortality could be decreased at a rate of 20 percent. It was determined that to prevent death of a single patient 1410 men should be screened, and 48 PCa patients should be treated. [18] However in the Norrkoping trial the researchers indicated lack of any significant impact of screening on mortality during 20 years of monitorization. [19] In the Göteborg trial, at the end of 14 years of the follow-up period the investigators concluded that screening has beneficial effects, and for the prevention of death of one patient, 293 men should be screened, and 12 patients should be treated. [20] Data of the first 3 trials disfavoured PSA screening, while the Göteborg trial indicated that PSA screening was effective in decreasing PCa-specific mortality rates. However none of these population-based studies is ideal, and they have various limitations. Therefore, the results acquired have not gained general acceptance. [21] Whereas, data of other studies suggested beneficial effects of PSA screening tests. Data of US Surveillance, Epidemiology and End Results (SEER) study demonstrated a 40% decrease in age-adjusted PCa-specific mortality rates between the years 1992, and 2007. This increase in mortality was attributed to increased use of PSA tests. [21] The researchers have found that in the United States of America, Canada, France, Germany, and Spain, where PSA tests were routinely used, PCa-related mortality decreased, while in countries where PSA tests were not routinely performed including Belgium, Denmark, Greece, Ireland, and Bulgaria, PCa-specific mortality rates increased steadily. [22] [23] [24] Besides, in the Austrian state of Tyrol where PSA tests were routinely used PCa-related mortality rates decreased 54%, while in other regions of Austria where PSA tests were not routinely performed, mortality rates decreased only at a rate of 29 percent. [25] Based on these data, PSA screening apparently decreases PCa-related mortality rates.
There is a difference of opinion among various national organizations concerning use of PSA test for prostate cancer screening. United States Preventive Services Task Force, American College of Preventive Medicine, Royal Australian College of General Practitioners, Cancer Council Australia do not recommend use of PSA screening tests. Urological Association of Australia, and New Zealand, Prostate Cancer Foundation of Australia, American Urological Association, and American Cancer Society recommend use of PSA as a PCa screening test. As a remarkable finding non-urological associations have not recommended PSA screening tests, while urological associations have favoured PSA screening. [8, 21] In 2012 European Association of Urology guideline, starting age for PSA test is lowered, while widespread PSA screening is not found to be appropriate. [26] Generally speaking, the reason for not recommending PSA screening is that in men with a biopsy proven diagnosis of PCa, some of these cancers are clinically insignificant cancers. Radical prostatectomy specimens of a total of 247 patients with a diagnosis of PCa included in ERSPC study were evaluated as for the evidence of prostate cancer, and clinically insignificant indolent cancers were detected in 49% of the patients. [27] As reported in a more recent study, between 1986, and 2005 more than one million men in the United States of America were overdiagnosed, and thus overtreated. [28] However, the subject of clinically insignificant cancers is still debatable. PSA level, PSAD, clinical stage, Gleason score, number of core biopsies with tumor, percentage, extension, and volume of the tumor in core biopsies are parameters which have been analyzed in the discrimination between clinical significant, and insignificant cancers. [29] Only clinical parameter which does not change in all studies regarding clinically insignificant PCa is Gleason score below 6. In addition, a tumor mass smaller than 3 mm in one core biopsy can be included among these parameters. On histopathological analysis, detection of tumor volume less than 0.5 cm 3 is also another invariable characteristic of clinically insignificant cancer. [29] [30] [31] However, currently,we haven't any accurate, and reliable measurement method for tumor volume. Therefore it is not always possible to accurately identify clinically insignificant cancer based on evaluation of clinical parameters.
Prostate-specific antigen is not disease, but organ-specific, and PCa can be detected at every PSA level. Besides increased number of overdiagnoses owing to PSA tests performed on every men have led to overtreatment of patients. Because of all these abovementioned reasons, priorities for PSA testing should be defined precisely. American Cancer Society, and American Urological Association do not recommend PSA tests for asymptomatic men with a life-expectancy less than 10 years because of his advanced age, and general health state. [8, 32] Their guidelines argue againts PSA testing for men older than 75 years of age. [21, 26, 33] Another debatable issue is related to the time to start PSA control. American Cancer Society indicates that after informing the patient in detail, PSA testing should be initiated at age of 50 in an average risk patient, while in high (black race, PCa in the first-degree relative), and very high-risk groups (PCa in more than two first-degree relatives) PSA test should be performed beginning from 45, and 40 years of age, respectively. [32] However, National Comprehensive Cancer Network recommends DRE, and PSA testing in men over 40 years of age after informing patients in detail. [34] American Urological Association, and European Association of Urology also recommend PSA controls beginning from 40 years of age. [35] Indeed, the first PSA measurement provides important information about PCa which might develop in the future. The first PSA measurement over median value is a risk factor for PCa. Upper limit of normal of age-adjusted median PSA values for various age groups have been determined as follows: 0.7 ng/mL (40-50 yrs), 0.8 mg/mL (50-60 yrs), 1.2 ng/mL (60-70 yrs), and 1.5 ng/ mL (>70 yrs). These PSA levels have been indicated as significant determinative factors for PCa which are more valuable than family history, race, and DRE findings. [36] Time intervals between PSA measurements are not firmly established. American Cancer Society (ACS) recommend monitoring of PSA levels annually or every other year if the first measured PSA levels are lower than 2.5 ng/mL or 2.5-4 ng/mL, respectively. However ACS also indicates that these time intervals may change based on individualized risk [black race, family history, abnormal DRE findings, and advanced age] assessment. ACS also asserts that if serum PSA level is above 4 ng/mL, then absolutely further evaluation, and in case of need, biopsy should be considered. [32] National Comprehensive Cancer Network recommends yearly measurements of serum PSA levels in men with PSA values above 1 ng/mL or in black men. If the first measured PSA level is below 1 ng/mL, then it is appropriate to monitor PSA levels at age 45. if it is still at that level third measurement can be done at age 50, and then at yearly intervals. [34] Stricker et al. [21] recommended a PSA control algorithm in the year 2012 based on risk level of the patient. Accordingly, after informing the patient in detail, based on the general health state of the patient, and their firstly measured serum PSA levels, PSA monitoring is advised within age intervals of 40-59, 60-70 years, and after age of 71.
a. In men aged over 40 years with a life-expectancy of more than 10 years, PSA test can be performed after informing patient in detail. In men in the 40-59 age group with the first measured PSA value above 3 ng/mL urological examination is a must. If the first measured PSA levels are 1.5-3 ng/mL, 0.6-1.5 ng/mL or below 0.6 ng/mL, then it will be appropriate to monitor PSA levels annually, every 2 years or 7 years later, respectively. b. In men aged between 60-70 years without a life-expectancy longer than 10 years because of comorbidities, PSA monitoring is not required. However if the first PSA measurement is above 3 ng/mL in men with a life-expectancy of more than 10 years, then urological examination is mandatory. If the first measured PSA value is >2 ng/mL or 1-2 ng/mL, then serum PSA levels should be controlled annually or every other year, respectively. If the first measured PSA level is below 1 ng/mL, then there is no need for PSA control.
c. In men aged 71 years without a life-expectancy of more than 10 years PSA controls are not required. In men aged 71-75 with a life-expectancy of more than 10 years, if PSA value is higher than age-adjusted PSA value (6.5 ng/mL) or abnormal DRE findings are detected then an urological examination is required. If age-adjusted PSA values are between 3-6.5 ng/mL, then yearly controls should be performed. d. In men over 75 years of age with PSA levels below 3 ng/mL, PSA monitorization is not required.
Since prostate-specific antigen is a specific marker for prostate, the correlation between BPH, and serum PSA levels is another important issue worth considering. Therefore, serum PSA level can provide critically important information about prostate volume, lower urinary tract symptoms (LUTS), bladder outlet obstruction (BOO), and treatment preference for patient's BPH. We know that serum PSA levels elevate as prostate volume increases. Critical value for prostatic enlargement has been also determined (30 cc). Indeed, in cases with bigger prostates (>30 cc), moderate-severe lower urinary tract complaints increase 3.5 fold, maximum urine flow (Qmax) decreases 2.5-fold, and development of acute urinary retention (AUR) is observed 3-4 times more frequently relative to those with smaller prostates. [37] Higher serum PSA levels (>1.5 ng/mL) have been detected in patients with prostate volumes over 30 cc. [38, 39] Serum PSA levels over 1.5 ng/mL, and prostate volume of >30 mL lead to progression of BPH. Progression of BPH means increase in the severity of LUTS, decrease in Qmax, and worsened AUR and/or enhanced need for surgical intervention. [40] A correlation exists between serum PSA levels, and bladder outlet obstruction (BOO). It has been indicated that possibility of BOO increases at serum PSA levels above 4 ng/mL, while a clinically significant BOO is not observed at serum PSA levels below 2 ng/mL. [41] It has been recommended that in the evaluation of BOO secondary to BPH, serum PSA levels should be taken into consideration. [42] In the selection process of medical treatment for BPH, serum PSA levels convey importance. In patients with serum PSA levels above 1.5 ng/mL, 5-α -reductase inhibitor therapy has been found to be more effective. [43] [44] [45] Whatever the reason might be, the issue of collecting blood samples for serum PSA measurements at any hour of the day whether in the pre-, or postprandial period also carries importance. In our study the first blood sample was drawn at 8:00 AM from men who fasted overnight from 12:00 PM up to 8:00 AM in the next morning. Second, and third blood samples were collected 1, and 2 hours after the breakfast. Patients received their lunch at 12:00 AM. Two hours after lunch the last blood sample was drawn. Any intake of liquid or solid food was not allowed between meals. A significant difference in serum PSA levels measured at different time points during a 6-hour period was not detected. [46] According to our data, blood samples can be drawn for the measurement of serum PSA levels at any hour of the day independent of the fasting state of the patient.
In conclusion despite some limitations, till development of another marker, serum PSA level is a very important marker in the evaluation of prostatic diseases. To gather maximum benefit from serum PSA testing, the patient should be informed in detail about advantages, and disadvantages of PSA test, and after obtainement of undersigned consent forms from patients concerning PSA testing, PSA tests should be performed on suitable patients (patients aged >40 years with a risk factor, and a life expectancy of more than 10 years) at appropriate intervals determined in consideration of of the first PSA value. 
